ABSTRACT Objective: To analyze radiographic signs of temperomandibular joint (TMJ) osteoarthritis and clinical TMJ symptoms in patients 6 years and 32 years after treatment with a Herbst appliance. Materials and Methods: Fourteen patients were derived from a sample of 22 with Class II division 1 malocclusions consecutively treated with a banded Herbst appliance at the age of 12-14 years old (T1-T2). The subjects were reexamined after therapy at the ages of 20 years (T3) and 46 years (T4). The TMJs of the 14 patients were analyzed radiographically (conventional lateral tomography at T3 and cone-beam computed tomography at T4) and clinically/anamnestically at T3 and T4. Results: Six years after Herbst therapy, signs of osteoarthritis were seen in one patient. At the 32-year follow-up, two additional patients had developed signs of osteoarthritis. At the 6-year followup, TMJ clicking was present in two patients, though none of the patients reported TMJ pain. At the 32-year follow-up, six patients had TMJ clicking and one patient had TMJ pain. Conclusions: This longitudinal very-long-term follow-up study after Herbst therapy revealed only minor problems from the TMJ. The TMJ findings 6 years and 32 years after Herbst treatment corresponded to those in the general population. Thus, in the very long term, the Herbst appliance does not appear to be harmful to the TMJ. (Angle Orthod. 2015;85:735-742.) 
INTRODUCTION
During Herbst treatment 1 the mandible is held in a permanent protruded position that will interfere with the physiologic function of the stomatognathic system. Because of this, Herbst treatment has been blamed of causing temporomandibular disorders (TMD). Except for the study of Foucard et al. 2 using a removable Herbst appliance, critical statements are mainly personal opinions.
Earlier studies of Herbst appliances [3] [4] [5] [6] have shown that, on a short-term basis, Herbst therapy for adolescent patients with Class II malocclusion does not cause disorders of the muscular or temperomandibular joint (TMJ) part of TMD. Although two of the Herbst investigations 3, 6 have follow-up periods of 7.5 years and 4 years, respectively, the studies are not longitudinal in nature, and no information exists with respect to TMD after the age of 20 years.
The present longitudinal radiographic and clinical very-long-term follow-up study after Herbst therapy is concerned with the TMJ part of TMD. The aim was to reexamine patients consecutively treated with a Herbst appliance 32 years after therapy and to compare signs and symptoms of TMJ disorders in these subjects at 20 years and 46 years of age. Emphasis was placed on signs and symptoms of osteoarthritis and disc displacement.
MATERIALS AND METHODS

Subjects
The patients in this study were derived from a sample of 22 consecutive patients with Class II division 1 malocclusion (19 males and 3 females) treated with a Herbst appliance at the University of Malmö /Sweden in 1977-1978. 7 In the years 2011 and 2012, 30 to 33 years after Herbst therapy, the 22 subjects were recalled to the Orthodontic Department in Malmö for a late follow-up investigation. Two patients were deceased and six declined to come. Thus, the final follow-up sample comprised 14 subjects (12 males and 2 females) and is presented in detail in Table 1 .
Treatment in all subjects was performed by one of the authors (Dr Pancherz) using a banded type of Herbst appliance with a simple anchorage system. 7 In all subjects, at the start of treatment, there was a onetime full mandibular advancement. Before treatment, all subjects had an increased overjet (mean 5 8.2 mm) that, by treatment, was reduced by an average of 5.1 mm. 7 After active Herbst therapy, the condyles were positioned concentrically in their fossae. 7 Due to major tooth irregularities after Herbst therapy, extractions of four premolars were performed in two subjects (Case 1X and 8X), and upper and lower fixed multibracket appliances were placed for about 1 year.
Methods
The patients were analyzed according to the following protocol:
N Six years after treatment (T3): The TMJs were examined radiographically by means of conventional lateral tomography, clinical examination, and a questionnaire.
6
N Thirty-two years after treatment (T4): The TMJs were examined radiographically by means of cone-beam computed tomography (CBCT), clinical examination, and a questionnaire.
TMJ Radiography
All radiographic examinations of the TMJ, both conventional lateral tomography at T3 and CBCT at T4, were carried out at the Department of Oral and Maxillofacial Radiology, Faculty of Odontology, University of Malmö /Sweden. At T3, conventional lateral tomography of the TMJs was performed with a Polytome U (Massiot-Philips, Paris, France) using a hypocycloidal motion pattern. 6 Two exposures were made on each TMJ to cover the total medial-lateral width of the TMJs. A multisection cassette was used containing four pairs of rare-earth screens and four films.
At T4, CBCT examinations of the TMJs were performed using the TMJ imaging protocol on a Veraviewepocs 3De (J. Morita Mfg. Corp, Kyoto, Japan). The protocol implied a field of view of 4 3 4 cm, a tube voltage of 80 kV, a tube current of 5 mA, and a scanning time of 9.4 seconds. Two volumes, one for each TMJ, were acquired for each patient. Reconstructions of images were performed in the a T1 indicates before treatment; T2, after treatment, that is, 12 months after the Herbst appliance was removed and the occlusion had settled; T3, 6 years after treatment (lateral tomography of TMJs); T4, 32 years after treatment (CBCT of TMJs); F, fixed retention with a mandibular lingual canine to canine retainer; R, removable retention with an activator or a maxillary Hawley plate; F/R, fixed mandibular canine retainer in combination with a removable maxillary Hawley plate.
b Cases 1X and 8X were treated by extractions after active Herbst therapy. c Includes a 2-year break in treatment during the period T1-T2.
software iDixel, version 2 (J Morita Mfg Corp, Kyoto, Japan). The slice thickness was 1.5 mm and the slice interval was 1 mm. All radiographic examinations were done in a closed-mouth position. Sagittal images were perpendicular to the long axis of the condyle (T3, T4), and the coronal images were parallel to the axis (T4). The TMJs (condylar head, mandibular fossa, and articular eminence) were interpreted for structural bone changes. The diagnosis of osteoarthritis was made according to Ahmad et al. 8 ( Table 2 ). The interpretations of the radiographs were made by one observer (AP) at T3 6 and by two observers (Dr Petersson and Dr Salé ) at T4. Observer Dr Petersson had many years of experience interpreting TMJ images and Dr Salé had several years of experience. At T4 the two observers were calibrated by evaluating 10 TMJ-CBCTs from patients who were not participating in this study. After calibration the observers interpreted the present TMJ CBCT images individually. The observers were blinded to case history and clinical status. When the observer assessments differed, consensus was reached through discussion.
Clinical Examination and Questionnaire
Clinical examinations were carried out at T3 and T4 to gain information on TMJ clicking, crepitus, locking, and TMJ pain. The clinical examination at T3 was done by one examiner (Dr Hansen) 6 using the method of Carlsson and Helkimo. 9 At T4, Dr Salé performed the clinical examination according to the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD). 10 The questionnaires at T3 and T4 included questions regarding symptoms from the TMJs such as pain, clicking, crepitus, limited mouth opening, and locking.
Data Analysis
At T3 and T4, the individual data from the radiographic and clinical examinations as well as from the questionnaire were analyzed. Because of the small sample, statistical tests were not performed. The study was approved by the Ethical Committee University of Malmö /Sweden, No 2012/44.
RESULTS
The individual TMJ findings at T3 and T4 derived from conventional lateral tomography and CBCT, clinical analyses, and questionnaires are presented in Table 3 . The individual TMJ radiographs (lateral tomography and CBCT) from all patients are shown in Figures 1A through C.
TMJ Osteoarthritis
TMJ osteoarthritis was present in 1 of the 14 patients at T3 and in 3 of the 14 patients at T4. In the patient with osteoarthritis at T3 (Case 5; Figure 1A ; Table 3 ), bone changes were present bilaterally. The right condyle had erosions and an osteophyte anteriorly, and the left condyle was flattened and also had an anterior osteophyte. At T4 in Case 5, erosion had developed on the posterior part of the articular eminence in the right TMJ, and the previous osteophyte remained. However, the erosion on the anterior part of the right condyle had disappeared. At T4 the structural bone changes in the left TMJ were unchanged. In another two patients at T4 (Cases 8X and 14; Figures 1B and 1C , respectively; Table 3 ) structural bone changes had developed in the TMJs. Cases 8X had developed an erosion and an osteophyte on the right condyle as well as subcortical sclerosis and an osteophyte on the left condyle. Case 14 had developed an erosion on the posterior part of the articular eminence in the left TMJ. At T4, for one patient (Case 13; Figure 1C ) osteoarthritis in the left TMJ was indeterminate.
TMJ Symptoms
Seven patients did not report any TMJ symptoms at T3 or T4. At T3, TMJ clicking was present in three TMJs (in two patients). At T4, TMJ clicking was present in eight TMJs (in six patients) ( Table 3) . According to the RDC/TMD, all clicking was due to disc displacement with reduction. At T3 none of the patients had TMJ crepitus, but at T4 crepitus was registered bilaterally in one patient. Both at T3 and T4, no TMJ locking was reported by any of the patients.
At T3 none of the patients reported TMJ pain. At T4, one patient experienced unilateral pain (Table 3) when 
DISCUSSION
The loss of subjects at follow-up represents a potential source of bias. 11 At the recall of the present 22 patients, 30-33 years after therapy, the attendance rate was 70% (when excluding the two persons who were deceased), which must be considered acceptable, especially in relation to the long follow-up period. Furthermore, with respect to dentoskeletal characteristics, length of treatment, immediate treatment, and 6-year posttreatment results, 12,13 the six not attending subjects did not differ from the 14 attending ones. Thus, the participating subjects must be considered an unbiased group for a reliable long-term follow-up study. A possible study limitation was the lack of a control group, but the results reported were compared with those from epidemiologic studies on TMD.
In 1990, at the time of the T3 evaluations, 6 lateral tomography was the method of choice. The CBCT technique was not available until several years later. However, the two different radiographic modalities are not likely to affect the results significantly as the diagnostic accuracy of TMJ bone changes for CBCT and conventional tomography has been found to be comparable. 14 In the clinical and anamnestic evaluations of the TMJs, at T3 the procedure of Carlsson and Helkimo 9 was used. As RDC/TMD 10 is widely used today, the T4 clinical evaluations were based on RDC/TMD. High reliability has been found for the clinical criteria. 15, 16 Both examination protocols at T3 and T4 included TMJ palpation and anamnestic information to achieve information regarding TMJ pain, sounds, and locking.
TMDs are common among children and adults. In previous epidemiologic, mainly cross-sectional, studies, the prevalence has been reported to vary between 6% and 71%. [17] [18] [19] Furthermore, longitudinal studies have disclosed a significant and unpredictable fluctuation of TMD over time. 20, 21 In the aforementioned studies of TMD both the TMJ and the associate musculature were considered. This study, on the other hand, was confined to TMJ disorders exclusively. Thus, a direct comparison, between the present findings and those from epidemiologic studies is difficult.
The criteria for TMJ osteoarthritis used in this study included surface erosion, osteophyte, subcortical cyst, or sclerosis. 8 The results showed that 1 of the 14 patients (7% of TMJs) had osteoarthritis at the 6-year follow-up and 3 of the 14 patients (18% of TMJs) at the 32-year follow-up. These results are in line with the frequencies of osteoarthritis found in a recent CBCT study on subjects without ongoing pain. In asymptomatic patients, TMJ osteoarthritis has been reported to be more common in Class II (43%) and Class III (20%) than in Class I (3%) malocclusions. 23 Furthermore, it has been shown that TMJ osteoarthritis is more frequent in older than in younger persons, thus being an age-related change. 24 A similar age dependency was also noted in our material: osteoarthritis was diagnosed at T3 in two (7%) joints and at T4 in five (18%) joints.
22
Previous studies have found a poor correlation between TMJ osteoarthritis and TMJ pain. 22, 25 The result of this study supports these findings, as none of the patients with TMJ osteoarthritis had TMJ pain. The poor correlation between CBCT findings of osteoarthritis and TMJ symptoms emphasizes the importance of evaluating the TMJs both radiographically and clinically. In our patients, TMJ pain was registered in only one TMJ with crepitus at T4. None of the patients had any TMJ locking or difficulties in chewing tough food. The results indicate that when TMJ symptoms were present, they were mild.
The clinical diagnosis of disc displacement was based on the RDC/TMD. 10 As it has been proven by magnetic resonance imaging (MRI) 26 that a disc displacement without reduction can exist without any clinical signs or symptoms, clinical diagnostic procedures will underestimate the actual prevalence of disc displacements. 27 So in the absence of any MRI data, the present RDC/TMD clinical findings will not reveal all disc displacements.
A previous clinical Herbst study has shown that TMJ clicking, which was present before treatment, had disappeared after therapy and remained absent during the first 12 months after treatment. 5 Furthermore, two MRI investigations revealed that the position of the disc became relatively more retrusive by Herbst treatment. 28, 29 Thus, from the results of the aforementioned three studies it was concluded that Herbst therapy did not result in any adverse changes in TMJ disc position. On the contrary, it was suggested that Herbst treatment may possibly promote repositioning of a displaced disc in patients with anterior disc displacement. 28 In the present patients the prevalence of TMJ clicking was 11% (3/28 TMJs) at T3 and 25% (7/28 TMJs) at T4 (Table 3) , and was thus of the same magnitude as that found in subjects representing normal populations. 22, 30, 31 Summarizing our results, there was no indication that any of the long-term follow-up findings on TMJ disorders were related to Herbst therapy.
CONCLUSIONS
N The TMJ findings 6 years and 32 years after Herbst treatment corresponded to those in the general population. N In the very-long-term perspective, the Herbst appliance was not thought to be harmful to the TMJ.
